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INTRODUCTION 
Analytical Chemistry is a discipline in its own right in chemistry.lt cannot be absorbed in 
to generally unrelated courses of study as it can lead to lowering of analytical ability of 
research worker. Analytical chemistry may be defined as the science and art of determining 
the composition of materials in terms of the elements or compounds in them.The scope of 
analytical chemistry is very broad and embraces a wide range of manual,chemical and 
instrumental techniques and procedures.lt is not always necessary to apply advanced 
instrumental procedures to carry out accurate analysis and there may be many times when 
a simple,rapid analysis may actually be more complicated and time consuming 
process.The objective and purpose of the analysis has to be sensibly assessed before 
selecting an appropriate procedures. 
Today,analytical chemistry is promising area with applications in physical, 
chemical, biological and environmental sciences.lt is interdisciplinary field in real sense. 
Chemical analysis is stated as the application of a process or series of 
processes in order to identify or qiiantify a substance, the components of a solution or 
mixture or the determination of the structures of chemical compounds. The constituents to 
be detected or determined are elements, radicals, fiinctional groups, compounds or 
phases.Analytical chemistry is concerned with much broader and more general aspects of 
analysis. While chemical analysis is concerned with much narrower and more specific 
aspects of analysis.The determination of one constituent in the presence of several other 
similar materials with accuracy is essential, eg: The careful control of conditions such as 
pH., Complexation, change in oxidation state is essential.Several advances in analytical 
chemistry were possible due to progress in the methods of separations. Analytical 
chemistry consists of principally of two major divisions. 
1) Qualitative analysis 
2) Quantitative analysis 
Qualitative analysis deals with the problem of what is in a substance, while 
Quantitative analysis handles the problem of how much of each constituent is 
present.Quantitative analysis can be subdivided as one involving classical methods like 
gravimetry or volumetry, whereas, one involving sophisticated instruments can be 
termed as modem methods of analysis. For getting reproducible results, one must get 
true representative samples for analysis and it should be free from interfering elements. 
The interfering elements are those which come in way of quantitative analysis. The 
knowledge of sampling and excellent methods of separations such as solvent 
extractions, ion exchange and different methods of cliromatography have significantly 
helped an analyst to mitigate these problems of sampling as well as interferences. No 
doubt there are few methods which can omit this step of isolation and purifications. The 
next step of analysis may involve volumetric methods or gravimetry if sample is 
present in milligram concenfration. If the component to be analysed is present at very 
low concentration then one has to resort to optical methods or largely spectroscopic 
methods like UV-Visible, IR-Spectroscopy, those involving scattering, molecular 
luminescence or emission and absorption spectroscopy. The methods principally used 
for the elucidation of structure involve NMR, mass specfroscopy. Thermoanalytical and 
radiochemical methods are usefiil for quantitative work. Another important set of 
methods are available from electroanalytical techniques. They involve potentiometry, 
voltametry including polarography, conductometry and coulometric methods of 
analysis. 
A complete chemical analysis even for a single substance, involve a series 
of steps and procedures. Each of them has to be carefiilly considered and assessed in 
order to minimize errors and to maintain accuracy and reproducibility. 
TABLE 1: STAGES IN A CHEMICL ANALYSIS 
Stages Examples of procedures 
1) Sampling Depends on the size and physical nature of the 
sample. 
2) Preparation of analytical sample 
3) Dissolution of sample 
Reduction of particle size, mixing for 
homogeneity, drying, determination of sample 
weight or volume. 
Heating, ignition, fusion, use of solvents dilution 
4) Removal of interferences 
5) Sample measurement and 
control of instrumental 
factors. 
6) Results 
7) Presentation of data 
Filtration, solvent extraction, ion extraction. 
Chromatography separation. 
SUmdardisation, calibration, optimization, 
measurement of response ; absorbance, 
emission signal, potential, current. 
Calculation of analytical results and for the 
sample, statistical evaluation of data. 
Print out, data plotting. Storage(archiving) 
The sample to be analysed will contain more than one component and may 
require some separation or concentration to be carried out prior to analysis.In analytical 
chemistry, most often we are encountered with the separation, identification and 
determination of various components of the sample. The identification and determination 
of a substance sometimes requires its separation fi-om interfering impurities. Therefore, 
separation is very important step in the analysis. 
TABLE 2: DIFFERENT METHODS OF SEPARATION: 
Method 
1 )Precipitation 
2) Distillation 
3) Sublimation 
4) Extraction 
5) Crystallization 
Principle 
Difference in solubility. 
Difference in volatility. 
Difference in vapour pressure. 
Difference in solubility in two phases. 
Property of solubility usually at lower 
temperature. 
.6) Zone refining Crystallisation usually at elevated 
temperature. 
Besides the classical separation methods such as filtration, 
fiBCtional distillation, precipitation and crystallization which involves long and complicated 
operation, chromatography , electrophoresis and ion exchange have been emerged as a very 
important analytical tool. They have played a significant role in identification, separation 
and quantitative determination of ionic and non-ionic species and purification of chemical 
compounds. 
CHROMATOGRAPHY: 
Chromatography is a powerfiil separation method that finds application to all 
branches of science. Chromatography was invented and named by the Russian Botanist 
Mikhail Tswett (1) at the beginning of the 20* century , who m 1906 first described the 
separation of coloured leaf pigments using CaCOs powder as adsorbent in a colunm.About 
25 years elapsed before Kuhn, Winterstein and Lederer( 2) virtually rediscovered the 
method. Techniques such as displacement development, frontal analysis and elution 
chromatography were later developed by Tiselius and others( 3 ) 
The application of chromatography have grown explosively in the last 50 years 
owing not only to the development of several new types of chromatography techniques but 
also to the growing need by scientists for better methods for characterizing complex 
mixtures. In all chromatographic separations the sample is transported in a mobile phase 
which may be a gas, a liquid, or a supercritical fluid.This mobile phase is then forced 
through an immiscible stationary phase which is fixed in place in a column or on a solid 
surface. The two phases are chosen so that the component of the sample distribute 
themselves between the mobile and stationary phase to varying degrees.Those components 
that are strongly retained by the stationary phase move only slowly with the flow of mobile 
phase components that are weakly held by the stationary phase, travel rapidly. As a 
consequence of these differences in mobility, sample components separate into discrete 
bands or zones which can be analysed qualitatively or quantitatively. 
TABLE 3: Classification of Column Chromatographic Methods. 
General Classification Specific Method Stationary 
Phase 
Types of Equilirium 
Liquid chromatography 
(LC) (mobile phase: Hquid) 
Gas 
chromatography,(GC)(Mobile 
phase:gas). 
Supercritical fluid 
chromatography(SFC)(Mobile 
phase:supercritical fluid). 
-Liquid-liquid or 
partition, 
-Liquid-bonded 
phase, 
-Liquid-solid or 
adsorption, 
-Ion-exchange, 
-Ion-pair 
chromatography, 
-Size exclusion 
-Gas-liquid, 
-Gas bonded 
phase, 
-Gas-solid. 
-Liquid-adsorbed 
on a solid, 
-Organic species 
bonded to a solid 
surface, 
-SoUd 
-Ion-exchange 
resin. 
-Liquid in 
interstices of a 
polymeric solid. 
-Liquid sorbed 
on a solid, 
-Organic species 
bonded to a solid 
surface, 
-Solid. 
-Organic species 
bonded to a solid 
surface. 
-Partition between 
immiscible liquids. 
-Partition between 
liquid and bonded 
surface. 
-Adsorption 
-Ion-exchange. 
-Partition/sieving 
-Partition between 
gas&liquid 
-Partition between 
liquid&bonded 
surface, 
-Adsorption 
-Partition between 
supercritical fluid and 
bonded surface. 
A more fundamental classification of chromatographic method is one based upon 
the types of mobile and stationary phases <md the kinds of equilibria involved in the 
transfer of solutes between phases.Three general categories of chromatography; liquid 
chromatography, gas chromatography and supercritical-fluid chromatography.Even though 
chromatography is a universal technique but can be classified on the basis of the type of 
equilibration process involved which is governed by the type of stationary phase. Various 
bases of equilibration are: sorption,(sorption chromatography), distribution(partition 
chromatography), ion exchange(ion exchange chromatography) and penetration(size-
exclusion chromatography) etc. 
LIQUID CHROMATOGRAPHY(LC): 
LC refers to the chromatography technique in which mobile phase is liquid such as 
liquid-solid sorption chromatography and column chromatography. This has been 
extensively used for the fi-actionation and separation of organic mixtures both for 
preparative and analytical purposes. Since the day of its discovery, advances in the 
theoretical interpretation, modernization of the technique and diversified application 
continued to rise. 
Modem liquid chromatography has been called high performance or high pressure 
liquid chromatography(HPLC). There is no difference in the basic mechanism involved; 
only the apparatus employed and the practice of the technique are different. In HPLC, 
nan'ow colunms with internal diameter of 2-8 run are employed, with particles of 50 i^ m 
size with high inlet pressure flow rate is increased to 0.1-5 cm/sec. HPLC is the most 
widely used of all the analytical separation tecliniques. The reasons for the popularity of the 
method is its sensitivity, its ready adaptability to accurate quantitative determinations, its 
suitability for separating non-volatile species or for isolation on non volatile substance 
including inorganic ions and thermally unstable materials, HPLC is preferable. The special 
feature of HPLC is, it can accommodate thermally unstable and non-volatile compounds 
and inorganic ions.It has been especially useful in the separation of drugs and their 
metabolites and in the analysis of such normal constituents of cells as steroids nucleotides 
(4-6).Mass spectrometer and stopped flow UV scaiming technique online with HPLC has 
been applied in the identification of peaks in complex biological mixtures to eliminate the 
errors of post chromatographic sample handling(7). 
In modem LC, close, reversable columns are employed, so that hundreds of 
individual separations can be carried out in a given column. Detection and quantitation are 
achieved with various types of detectors. 
PARTITION CHROMATOGRAPHY: 
Most widely used type of HPLC is partition chromatography in which stationary 
phase is a second liquid that is immiscible with the liquid mobile.Partition chromatography 
can be subdivided into liquid and liquid-bonded phase chromatography.The difference 
between the two method is the stationary phase held by physical adsorption in LLC, while 
it is attached by chemical bonding-phase chromatography. Early partition chromatography 
was exclusively liquid-liquid. Now however, bonded-phase methods predominate because 
of their greater stability. But when the mobile phase is a gas, the technique known as gas-
liquid chromatography. Paper chromatography is a type of partition chromatography in 
which stationary phase is a layer of water adsorbed on a sheet of paper. 
TABLE 3: TYPICAL APPLICATIONS OF HPLC: 
Field 
1) Pharmaceuticals 
Typical mixtures separated 
Antibiotics, sedatives,steroids. 
analgesics. 
2)Biochemicals Amino acids, proteins, carbohydrate. 
lipids. 
3)Food products Artificial sweetners, antioxidant of 
latoxins, additives. 
4)Industrial chemicals Condensed aromatics. surfactants, 
propellants, dyes. 
5)Pollutants Pesticides, herbicides, phenols,polychl-
-orinated biphenyls (PCBs) 
6)Forensic Chemistry Drugs, poisons, blood alcohol, narcotics 
7)Clinical Medicine Bile acids, drug metabolites, wine 
extracts, estrogens. 
A more complete picture of the versatility of this technique can be obtained by consulting 
recent reviews in analytical chemistry .(8 ) 
SORPTION CHROMATOGRAPHY: 
Sorption chromatography is a technique in which small differences in the 
adsorption behaviour of substance between a moving solvent (liquid or gas) and a 
stationary solid phase are utilized to achieve the separation. When a moving phase is a 
liquid, it is called liquid-solid chromatography or Adsorption column chromatography. In 
more recent times, it has been adapted to and has become an important member of HPLC 
methods (9). When the moving phase is a gas, it is called Gas-Solid Chromatography 
(GSC). Thin layer Chromatography (TLC) is a type of Liquid-Solid Chromatography in 
which stationary phase is a solid supported on an inert plate in plane. The sample 
components distribute between two phases through a combination of sorption and 
desorption processes. 
Affinity Chromatography involves covalently bonding a reagent, called an 
affinity ligand, to a solid support (10-11). Typical affinity ligands are antibodies, enzyme 
inhibitors, or other molecules that reversibly and selectively bind to analyte molecules in 
the sample. When the sample passes through the column, only the molecules that 
selectively bind to the affinity ligand are retained. Molecules that do not bind pass through 
the colimin mth the mobile phase. After the undesirable molecules are removed, the 
retained analytes can be eluted by changing the mobile - phase conditions. 
ION EXCHANGE CHROMATOGRAPHY: 
Ion Exchange chromatography came into existence in late 1960s with the 
introduction of routine amino acid analysis. Basically, the one same technique was later 
extended to the analysis of literally hundreds of different compounds in physiological 
fluid.It has also proved to be extensively useful for the separation of inorganic ions 
(especially rare earths),multicomponents of alloys, heavy metals in industrial effluents and 
fission products of radioactive elements.(12-13).Organic ions which form salts with the 
oppositely charged ions in another phase can be separated.Some of the applications of ion-
exchange are 
1) Separation of similar ions fi"om one another. 
2) Softening of hard water. 
3) Separation of sugars. 
4) Purification of organic compounds extracted in water. 
5) Separation of amino acids. 
6) Separation of lanthanides. 
7) Complete demineralization of water. 
8) Removal of interfering radicals. 
Ion pair chromatography as adapted to modem LC is of comparatively 
recent origin being first applied in the 1970s. The current popularity of IPC arises 
mainly fi-om the lunitations of exchange chromatography and fi-om the difficulty in 
handling certain samples by other liquid chromatographic methods. Ion pair 
chromatography(14)is a subset of reversed phase HPLC where stationary phase is non-
polar, often a hydrocarbon and the mobile phase is a relatively polar solvent such as 
water , methanol, acetonitrile etc(15 ).In this type of chromatography, an organic salt 
containing a large organic counter ion, such as quartemary ammonium ion or alkyl 
sulfonate, is added to the mobile phase as an ion-pairing reagent. Two mechanism of 
separation are postulated. In first, the counter-ion forms an imcharged ion pair with a 
solute ion of opposite charge in the mobile phase.This ion pair then partitions into the 
non-planar stationary phase, giving differential retention of solutes based on the 
affinity of the ion-pair for the two phases. Alternatively, the counter-ion is retained 
strongly by the normally neutral stationary phase and imparts a charge then occurs by 
formation of reversible ion-pair complexes, with the more strongly retained solutes 
forming the strongest complexes with the stationary phase. 
SIZE EXCLUSION CHROMATOGRAPHY: 
Which has also been called gel-permeation or gel-filtration chromatography 
is a powerful technique that is widely used for fi^ctionating and obtaining the 
molecular weight distribution of cellulose and its derivatives (16-17). 
Eg:l)Separation ofraffinose, maltose,glucose and KCl at pH 7.0 on sephadex G15 
flow rate of 5 ml/hr with water as eluent. 
2)Desalting is another application which involves removal of salts and low molecul 
-ar weight compounds firom macromolecules. 
3)lt is also possible to estimate molecular weight by molecular exclusion technique 
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like proteins, dextrans, oligomers of ethylene glycol etc. 
A thorough discussion on this technique can be found in the books (18-19). 
ION EXCLUSION: 
Ion Exclusion is a process for separatmg ionic materials from non - ionic materials 
based on inherent differences in the distribution of two types of solutes between an ion 
- exchange resin phase and true aqueous solution. If a solution containing both ionic 
and non - ionic materials is introduced to the top of resin bed and washed with water, 
the ionic materials flows around the resin particles while non - ionic materials diffuses 
into the resin particles as well as flowing into the void spaces. The net forward 
migration rate of the non - ionic material through the column is less than that of the 
ionic component, hence ionic component will appear first in the effluent and 
separations are feasible. 
Separation of strong electrolyte from the neutral molecules can be best achieved by ion-
exclusion eg; purification of commercial glycerine when high ionic concentrations are 
overcome. 
- Ion exclusion chromatography finds numerous application for identification and 
determination of acidic species in such material as milk, coffee, wine and many 
other products of commerce. 
GAS CHROMATOGRAPHY: 
Gas chromatography is undoubtedly the most important and extensively applied 
technique for analytical purposes,eg:determination of number of components in a 
mixture, the presence of impurities in a substance, identification of a compound etc.Gas 
chromatography is a method for separating components of mixture of volatile 
compound.Gas chromatography was originally developed in 1941 by A.J.P Martin and 
R.L.M Synge (awarded Nobel prize in 1952 for the discovery of gas chromatography) 
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as a purely analytical method and A«J.P Martin and A T. James(1952) were the first 
to separate fatty acids by this technique. 
An important application of gas chromatography is in the petroleum 
industry where it has completely replaced the separation by analytical distillation.Crude 
petroleum products, gasolines, waxes, sulphur and nitrogen compounds, hydrocarbons 
and unsaturations etc have been separated by GC and identified by IR,UV,NMR and 
mass spectrometric technique.A large number of other mdustrial products including 
herbicides,pesticides,cosmetics,plastic-fertilizers,alcoholic beverages have been 
analysed and separated by gas chromatography. 
Comparison of HPLC and GLC 
Characteristics of both methods ; 
-Efficient,hig}ily selective,widely applicabIe,only small sample required. 
-May be non destructive of sample. 
-Readily adapted to quantitative analysis . 
Advantages of HPLC: 
Can accommodate non- volatile and thermally unstable compounds,generally applicable 
to inorganic ions. 
Advantages ofGC: 
-Simple and inexpensive equipment. 
-Rapid. 
-Unparalleled resolution (with capillary columns). 
-Easily interfaced with mass-spectrometry. 
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PLANAR CHROMATOGRAPHY METHODS : 
Include thin-layer chromatography (TLC),paper chromatography (PC) and 
electrophoresis (EP).Each make use of a flat,relatively thin layer of material that is either 
self supporting or is coated on a glass,plastic,or metal surface.The mobile phase moves 
through the stationary phase by capillary action,sometimes assisted by gravity on an 
electrical potential.Planar chromatography has found wide-spread use in forensic 
chemistryjdentification of drug sample and analysis of ink in suspected forgery cases. 
Paper chromatography: 
In PC, the separation of unknown materials is affected by the differential migration of 
the different components on a specially designed filter paper which occurs due to 
differences in partition coefficients.In 1850, Runge published a book describing the 
development of the technique for the analysis of dye mixture and inorganic compounds on 
blotting paper (20). 
Paper chromatography can be considered to be a type of partition 
chromatography in which the mobile phase is an organic solvent and the stationary phase is 
water absorbed on the hydrophillic surface of the paper.Altematively the paper may be 
impregnated with anhydrous silica, alumina or ion-exchange resin;here partition occurs as a 
consequence of solid-liquid or ion- exchange equilibria. PC is preferable for analytical 
purpose because of its advantage of being more reproducible and less subject to 
irregularities of solvent flow which impair separation. 
In order to improve the separations Friedrich Runges in the 19* century had 
suggested the addition of inclusions to the paper support which forecasted the future 
development of thin layer chromatography (TLC). 
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Thin layer chromatography: 
The technique of TLC was first introduced by Izmailov and Shraiber in 1938 
(21). TLC not only combines the advantages of paper and column chromatography but 
in certain respects it is superior to either of the two.The main advantage of TLC are: 
- It requires simple equipment. 
- Short development time. 
- Wide choice of stationary phase. 
- Early recovery of separated components. 
- Increase in sensitivity of the order of 10 to 100 fold as compared to PC. 
In TLC, certain adsorbing substance such as silica gel, alumina and gel 
filtration beads etc are supported as thin layer on glass plates (now called chromatoplates). 
The moving substance is attracted by the polar sites on the surface of the adsorbent by 
electrostatic forces, and this binding is reversible.The solvent also interacts with the 
adsorbent and the compound interacts with the solvent.This three fold competitive 
interaction among solutes , solvent and adsorbent establishes the relative rates at which the 
solvent fi-ont and the solute ascend the layer of adsorbent on the glass plate. 
Development in the apparatus and technique has offered automation, reproducibility, and 
accurate quantification and application to a wide variety of ananlysis.(22).TLC is being 
mcreasingly employed as a rapid method for isolation, purification and identification of 
organic substances(23) like acids, alcohols, glycols, alkaloids, amines, proteins and 
anfibiotics etc. 
Superiority of TLC: 
TLC is considered to be superior to other chromatographic techniques because: 
1) Identification and separation by TLC can be carried out quickly; excellent 
separation can be obtained with thin layers in 20-40 min. 
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2) It is a versatile technique and can be applied to a wide variety of compounds, both 
organic and inorganic. 
3) Fine particle size of most thin layer media gives improved resolution and compact 
Spot. 
4) It is applicable to the analysis of thermally labile compounds. 
5) Corrosive reagents and acids can be sprayed on thin layer chromatoplates without 
any adverse effect. 
6) It is more sensitive and gives sharper zones.Diffusion is minimum. 
7) TLC plates can be heated to higher temperature without causing any damage to it. 
8) The capacity of thin layers of an adsorbent is higher than that of paper. 
TLC is being increasingly used for qualitative, quantitative and 
preparative analysis. The technique is extremely suited for analysis of trace 
components.The application of TLC include the detection of by-products in synthetic 
processes, determination of the presence of impurity, removal of impurities and isolation of 
pure compounds, analysis of amino acids, peptides, carbohydrates, lipids, steroids, bile 
acids, harmones, sterols, nucleosides, nucleotides, alkaloids, pesticides(24-26 ), 
insecticides, vitamins, pigments and inorganic anions and cations(27-31). 
The modem instrumental form of TLC is known as high 
performance thin layer chromatography(HPTLC) that is advantageous compared to HPLC 
and GC in many analytical situations and has been found wide use.(32-35). Coupling 
techniques for TLC with various spectroscopic methods such as MS,(36 )IR 
spectrometry,(37)inductively coupled plasma atomic emission spectrometry(38 ),secondary 
ion mass spectrometry,(39) and many others have improved the minimum detectable 
quantity of sample in tremendous manner.Pharmaceutical analysis(40-41) were 
successfully performed by coupled TLC/HPLC, in which the column eluent was directly 
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spotted onto plates(42).Numerous reviews(43-44) on TLC show that most of its 
applications are in the form of conventional qualitative TLC rather than modem 
quantitative HPTLC.Aflfinity thin layer chromatography(ATLC) which combines the use 
of solid-phase bound antigen and conventional TLC, was shown to be a simple, rapid,and 
self contained system for assaying the immunoreactive fraction of radio labeled 
antibodies(45). 
Electrophoresis: 
A large number of separations and identifications of various charged substances 
have been affected by the use of the technique known as electrophoresis.Electrophoresis is 
a process of separation method based on the differential rates of migration of charged 
species in a applied dc electric field.Konig in 1937 separated proteins in snake venom 
simply by the use of electrical current and located the component by visual inspection 
under UV lamp.This separation technique for macro size sample was first developed by the 
Swedish chemist Ame Tiselius in 1930s for the study of serum proteins; he was awarded 
Nobel prize in 1948 for his work. This technique on paper has been applied to the 
separation of high and low molecular weight compounds such as lipoproteins, amino acids 
and metal ions.(46-47 ).The application of paper electrophoresis are limited only to the 
electrovalent compounds; covalent compoimds cannot be analysed by this technique. 
Electrophoresis on a macroscale has been applied to a variety of difficult 
analytical separation problems; inorganic anions and cations, amino acids, catecholamines, 
drugs, vitamins, carbohydrates, peptides, proteins, nucleic acids, nucleotides, 
polynucleotides and numerous other species. 
Electrophoretic separations were performed in a flat stabilized medium such as 
paper or a porous semisolid gel. Remarkable separations were realized in such media, but 
the technique was slow, tedious, and required a good deal of operator skill.In the early 
1980s, scientists began to explore the feasibility of performing these same separations, on 
micro amounts of samples in fused silica capillary tubes.Their results proved promising in 
terms of resolution, speed, and potential for automation. As a consequence, capillary 
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electrophoresis(CE) has become an important tool for a wide variety of analytical 
separation problems especially biopolymers(48-49 ) and in the field of DNA (50) and 
pharmaceutical analysis( 51). 
Capillary electrophoretic separations are performed in several ways called 
modes.These modes includes: 
1) Capillary zone electrophoresis (CZE). 
2) Capillary gel electrophoresis(CGE). 
3) Capillary isoelectric focussing (CIEF) 
4) Capillary isotachoporesis (CITP) 
hi CZE, the buffer composition is constant throughout the region of the 
separation. The applied field causes each of the different ionic components of the 
mixtures to migrate according to its own mobility and to separate into zones, which 
may be completely resolved or may be partially overlapped. Completely resolved zones 
have regions of buffer between them. Pulse field capillary gel electrophoresis (PFCGE) 
is now emerging as a promising technique to improve the separation of nucleic acids as 
well as biopolymers (52). 
Capillary electrophoresis carried out in the presence of micelles is termed 
micellar electrokinetic capillary chromatography and is given the acronym MECC or 
MEKC. In this technique, surfactants are added to the operating buffer in amounts that 
exceed the critical micelle concentration. 
CE is applicable to the determination of a wide variety of sample types, 
including polycyclic aromatic hydrocarbons, chiral compounds, water and fat soluble 
vitamins, amino acids, inorganic ions, organic acids, carbohydrates, environmental 
pollutants, gun-shots and explosive constituents, nucleosides and nucleotides, 
pharmaceutical , catecholamines, peptides and proteins. Several reviews described the 
contribution in the development of this technique. (53-54). 
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SUPERCRITICAL FLUID CHROMATOGRAPHY: 
Supercritical fluid chromatography in which the mobile phase is a 
supercritical fluid, is a hybrid of gas and liquid-chromatography like gas chromatography, 
SFC is inherently faster than liquid chromatography because of the lower viscosity and 
higher diffusion rates in the mobile phase.Thus the intermediate difiiisivities and 
viscosities of supercritical fluids results in faster separations that are achieved with LC 
accompanied by less zone spreading than is encountered in GC. Those compounds which 
include species that are non-volatile or thermally stable and inaddition, contain no 
chromophoric group that can be used for photometric detection. Separation of these 
compounds is possible with SFC at temperature below 100 degree Celsius. Despite its 
advantages, SFC has not gained widespread acceptance because of the complexity and cost 
of the instrumentation and the lack of application for which it provides unique information. 
Other type of chromatography: 
CHIRAL CHROMATOGRAPHY: 
For separating compounds that are non superimposable mirror images of 
each other called chiral compounds such mirror images are called enantiomers.Either chiral 
mobile- phase additives or chiral stationary phases are required for these separation (55-
56). Preferential complexation between the chiral resolving agent(additives or stationary 
phase)and one of the isomer results in a separation of the enantiomers. Here a chiral agent 
is immobilized on the surface of a solid support. Several different modes of interaction can 
occurr between the chiral resolving agent and the solute.(57) In one type,the interactions 
are due to attractive forces such as those between pi-bonds, hydrogen bonds, or dipoles.In 
another types, the solute can fit into chiral cavities in the stationary phase to form inclusion 
complexes . It is very usefiil technique to separate very closely related compounds. 
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SPECTROSCOPIC TECNIQUES: 
UV-VISIBLE SPECTROSCOPY: 
A wide range of spectrophotometers are now available featuring ultraviolet and visible 
(UVA i^s) measurementsjow stray light,small effective band widths,solid state 
detectors,digital data acquisition and processing, and double or single beam operation. 
Field testing (monitoring pH,metal and non metal ion concentration and 
concentrations of specific organic contaminants) has became an extremely important 
application of ultra violet and visible spectrophotometry,particularly in the area of 
environmental testing and monitoring. Industrial applications of spectrophotometry are 
wide ranging;process monitoring and control are important application. In the area of 
pharmaceutical production process monitoring and product assay,UVA'^ is-
spectrophotometric measurements remain an important tool. 
In the research environment, spectrophotometric measurements are still an 
important tool used to study and elucidate molecular structure and electronic states. 
Some of the applications are: 
l)Identification of compoimds by spectrum matching with reference spectra 
2)QuaIitative determination of some fimctional group in organic molecules that act as 
chromophore( 58). 
3)Quantitative determination of many biological ,organic and inorganic species. 
4)Determination of stoichiometry of chemical reactions. 
5)Monitoring of reaction rates (stopped flow and temperature -jump chemical kinetics). 
6)A common field test for chlorine in swimming pools and drinking water is based on the 
colour produced by the action of chlorine on o-toulidine. 
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MOLECULAR LUMINESCENCE SPECTROMETRY: 
Fluorescene and phosphorescence spectrometry: 
Photoluminescence is a type of optical spectroscopy in which a molecule is promoted to an 
electronically excited state by absorption of UV,Visible or near infrared radiation.The 
excited molecule then decays back to the ground state,or to a lower lying excited electronic 
state,by emission of light.The emitted light is detected.Photoluminescence processes are 
subdivided into fluorescence and phosphorescence.(59).The key characteristic of 
Fluorescence spectrometry is its high sensitivity.Fluorimetry may achieve limits of 
detection,several orders of magnitude lower than those of most other techniques.Limits of 
detection of 10'^ ° M or lower are possible for intensely fluorescent molecules;Because of 
the low detection limits,fluorescence is widely used for quantification of trace constituents 
of biological and environmental samples .Fluorimetry is also used as a detection method in 
separation technique especially liquid chromatography and electrophoresis.The use of 
fluorescent tags to detect non fluorescent molecule is widespread and has numerous 
applications such as DNA sequencing. 
Phosphorescence is quite similar to fluorescence.Fluorescence of molecules 
involves a transition from an excited singlet state to the ground singlet state.This fransition 
state is highly probable,and thus the lifetime of an excited singlet state is very short (10"^ 
or less).Moleculer phosphorescence on the other hand involves a transition from an excited 
triplet state to the ground singlet state.Because this transition produces a change in electron 
spin, it is much less probable.Hence the triplet state has a much longer lifetime (typically 
10"^  to 10 '^  s).The long lifetime of phosphorescence is also one of its drawback.Because of 
this long lifetime non- raditional processes can complete with phosphorescence to 
deactivate the excited state.Thus the efficiency is low.To increase this 
efficiency,phosphorescence is commonly observed at low temperature in rigid media such 
as glasses.Because of its weak intensity,phosphorescence is much less widely applicable 
than fluorescence.However,phosphorimetry has been used for the determination of a 
variety of organic and biochemical species including nucleic acids,Amino acids, pyrine and 
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pyrimidine,enzymes, polycyclic hydrocarbons and pesticides.Also many pharmaceutical 
compounds exhibits measurable phosphorescence signals. 
IR-SPECTROSCOPY: 
IR spectroscopy is one of the most common spectroscopic techniques used by organic 
and inorganic chemists.Simply it is the absorption measurement of different IR frequencies 
by a sample positioned in the path of an IR beam.The main goal of IR spectroscopic 
analysis is to determine the chemical functional groups in the sample.Different functional 
groups absorb characteristic frequencies of IR radiation.IR spectrometers can accept a wide 
range of sample types such as gases,liquids and solids.Thus, IR spectroscopy is an 
important and popular tool for structural elucidation and compound identification. 
Some of its important applications are: 
l)Identification of compounds by matching spectrum of unknown compoimds with 
reference spectnmi (finger printing). 
2)Identification of functional groups in imknown substances. 
3)Identification of molecular orientation in polymer films. 
4)Identification of polymers,plastics and resins. 
5)Detection of molecular impurities or additives present in amounts of 1% and in some 
cases as low as 0.01%. 
6)Analysis of formulation such as insecticides and copolymers. 
RAMAN SPECTROSCOPY: 
Raman spectroscopy is similar to infra red spectroscopy in that they probe 
molecular vibrations.IR spectroscopy is an absorption phenomenon in which photons 
matching the energy difference of vibrational levels are absorbed and result in transition 
from the ground to an excited vibrational level, whereas the Raman effect is a scattering 
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phenomenon where the energy of the incident photons is much larger than vibrational 
transition energies. Most of these high-energy photons are scattered without 
change(Rayliegh scattering). However, a small fraction are scattered from molecular 
centers with less energy than they had before the interaction. These photons give rise to 
Raman-Strokes lines. Another series of scattered photons has greater energy than those of 
the exciting radiation. These are called anti-strokes photons. The difference in the energies 
of the scattered and incident photons correspond to vibrational fransitions thus molecules 
are promoted to an excited vibrational state as in IR. 
X-RAY DIFFRACTION: 
X-ray diffraction is a versatile analytical technique for examining crystalline 
solids which include ceramics, metals, electronic materials, geological materials, organics 
and polymers. These materials may be powders, single crystals, multilayer thin films, 
sheets, fibers or irregular shapes depending on the desired measurement X-ray 
dififractometers fall broadly into two classes; Single-crystal and powder. Single crystal 
diffractometers are most often used to determine the molecular structure of new 
materials.Powder diffractometers are routinely used for phase identification and 
quantitative phase analysis but can configured for many applications, including variable-
temperature studies, texture and stress analysis, grazing incidence diffraction and 
reflectometry. 
Some of the general uses are: 
n Crystal structure determination. 
2) Phase identification. 
3) Oualitv control: qualitative and quantitative analvsis. 
4) Quantification of texture and orientation in metals and polvmers. 
5) Variable-temperature studies to determine thermal expansion, stability and phase 
diagrams. 
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NMR SPECTROSCOPY: 
In the 50 years since the first observation of nuclear magnetic resonance(NMR), 
the technique has become an indispensable tool for the chemist. In the early years, 
applications of proton NMR were quickly extended to structural studies of all major types 
of organic compounds. Since then, the field has witnessed a vigorous evolution, punctuated 
by several major revolutionary advances in instrumentation and techniques. The 
development of powerful superconducting magnets and the introduction of the Pulsed 
Fourier Transfonn(FT) technique vastly increased the sensitivity and resolving power of 
the method.Technological improvements continue to propel advances in NMR applications. 
The recent introduction of pulsed field gradient technique in high resolution spectrometers 
as well as three-dimensional and higher dimensional techniques promises that applications 
of NMR will continue to diversify and grow. 
Some common applications are: 
1) Widely applied for structure proof in synthetic chemistry, natural products 
chemistry and biochemistry. 
2) Determining stereochemistry and higher-order structures in molecules of all sizes. 
3) Intermolecular interactions such as ion-pair formation or enzyme-substrate 
interactions. 
4) The study of chemical exchange, such as valence bond tautomerism. 
5) Conformational analysis, includmg assessment of mixtures in conformational 
equilibria. 
6) Quantitative determination of sample components. 
7) Studies of dynamic systems including chemical equilibria, molecular motion and 
intermolecular interactions. 
23 
ATOMIC ABSORPTION SPECTROSCOPY(AAS): 
Atomic absorption spectroscopy(AAS) is a widely used and accepted 
technique capable of determining trace(|j,g/mi) and ultratrace(sub-^g/ml) levels of 
elements or metals in a wide variety of samples, including biological, clinical, 
environmental, food and geological samples, with good accuracy and acceptable 
precision. 
Techniques: 
A comparison with standards(usually aqueous) is the most common method 
of performing quantitative analysis. A calibration curve is established in AAS by 
introducing a known concentration of solution to the system followed by the 
measurement. The measurement can be compared to the signal generated from an 
unknown concentration.In practice it is usual to use at least four standards and a blank 
to construct a linear calibration curve of absorbance vs concentration of analyte to 
perform the analysis. It is recommended that the unknown concentration to be 
determined be no higher than that of the highest standard and no lower than that of the 
lowest standard. If the signal from the unknown fall outside these two areas, dilution or 
concenfration is recommended.Most analysis are performed on samples that are not 
identical to the aqueous standards. In this case, it may be possible to match the matrix 
of the unknown with the matrix of the standards. If the matrix of the sample to be 
analysed is unknown or varies from sample to sample, then the method of standards 
additions is often used. This method is used to compensate for interferences both 
spectral and chemical. 
Common applications: 
1) Biological, clinical, medical samples( blood, urine and other body fluids, tissue, 
Hair,teeth,nails). 
2) Environmental samples( water, solids, sediments, biota) 
3) Quantification of nearly 70 metals in virtually any sample type. 
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4) Concentration as low as parts per billion to as high as weight % with minimal or 
no sample preparation. 
5) Steel and metal industry, pharmaceutical industry, food industry. 
MASS SPECTROMETRY(MS): 
Mass Spectrometry was established as a unique analytical tool. 
J.J.Thomson was the first who described the fundamentals of the technique to 
demonstrate the existence of two isotopes of neon. Mass Spectrometry has developed 
well beyond its modest beginnings and is now one of the most sensitive, specific and 
versatile of modem analytical methods. 
Robert Minard is devoted to fast atom bombardment (FAB) and liquid 
secondary ion mass Spectrometry (LSIMS).These techniques were developed in the 
1980s are designed for use with low-volatility or non-volatile samples and are the 
forerunners to electrospray ionization(ESI) and matrix-assisted laser 
desorption/ionization(MALDI) methods. 
Mass spectrometers were originally designed by physicists to determine 
the mass-to-charge ratio(m/z) of charged particles by virtue of their behaviour in 
magnetic and electric fields, hi general, mass spectrometry is a microanalytical 
technique that requires some energetic process for converting a significant number of 
molecules of the analyte to a charged species so that the m/z ratio of the charged form 
of the analyte may be determined.Both electron ionization (EI) and chemical ionization 
(CI) requires the analyte molecule to be in the vapour state for effective interactions 
with 70 eV electrons( in EI) or with proton rich reagent ions (in CI). 
Some common applications: 
1) Identification of drugs and drug metabolites. 
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2) Identification of common environmental contaminants. 
3) Elucidation of structural features in an unknown molecule. 
4) Determination of isotope incorporation of stable isotopes. 
5) Determination of the kinetics of biosynthesis. 
Photoacaustic spectroscopy (60) is also an important method for the 
solution of analytical problems. 
ELECTROANALYTICAL METHODS; 
VOLTAMETRY AND POLAROGRAPHY: 
Voltammetry developed from the discovery of polarography in 1922 by 
the Czech chemist Jaroslav Heyrovsky, for which he received the 1959 Nobel Prize 
in chemistry. The common characteristic of all voltammetric techniques is that they 
involve the application of a potential(E) to an electrode and the monitoring of the 
resulting current(i) flowing through the electrochemical cell. Thus, all voltammetric 
technique can be described as some function of E, i, x. They are considered active 
technique because the applied potential forces a change in the concentration of an 
electroactive species at the electrode surface by electrochemically reducing or oxidizing 
it. 
The analytical advantage of the various voltammetric technique include 
excellent sensitivity with a very large useful linear concentration range for both 
inorganic species ( 10''^  to 10'' M ).Voltammetry are also useful for the quantitative 
determination of a variety of dissolved inorganic and organic substances, fundamental 
studies of oxidation and reduction processes in various media, adsorption processes on 
surfaces, electron transfer and reaction mechanisms. Voltammetric methods are also 
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applied to the determination of compounds of pharmaceutical interest and, when 
coupled with HPLC, they are effective tools for the analysis of complex mixtures. 
Polarography: 
Polarography is still an important branch of voltammetry, differs from 
other types of voltammetry in that a dropping mercury electrode(DME) is used as the 
working electrode. The DME consists of a glass capillary through which mercury flows 
under gravity to form a succession of mercury drops. Each new drop provides a clean 
surface at which the redox process takes place, giving rise to a current increase with 
increasing area as the drop grows and then falling when the drop falls. Even though 
polarography with DME is the best technique for some analytical determinations, it has 
several limitations. Mercury is oxidized at potentials more positive than +0.2 V versus 
SCE, which makes it impossible to analyze for any analytes in the positive region of 
potential. Another limitation is the residual current that results from charging of the 
large capacitance of the electrode surface. By manipulating the potential and 
synchronizing potential pulses with current sampling, the same basic experiment can be 
made to yield a more useful results. 
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!ON EXCHANGE: 
By "ion exchange"is meant the exchange of ions of Hke sign between the solution 
and generally solids, which are highly insoluble body. The solids, which contain the ions of 
their own for the exchange to take place rapidly with electrolyte solution, are called ion-
exchangers. For practical value the solid has an open, permeable molecular structure so that 
ions and solvent molecules can move freely in and out. 
Ion-exchange, basically a process of nature occurring since time immemorial and 
has been embraced by analytical chemists to make use of difficult separation easier and 
possible. Today its over expanding uses bring man closer to his dreams comfort and 
ultimately his Utopia. Rarely has a particular area of science seen so spectacular and so 
phenomenal growth as ion exchange. Today ion exchange pervades many fields of human 
activity and its over expanding uses bring man closer to his dream of comfort. 
Historically speaking, ion exchange was not recognized till the middle of 18* 
century, when two papers by two different investigators working independently were 
published ironically in the same issue of same journal so Thompson and Way(61) in 
1850, laid the foundation of ion exchange by Base exchange in the soil. They observed that 
the calcium and magnesium ions of certain types of soil could be exchanged for potassium 
and ammonium ions. Later Eichorn(62) demonstrated that the exchange process is 
reversible in naturally occurring zeolites, having the structures of aluminosilicate and 
showed that ion-exhange properties of solids arise from zeolites. The first synthetic 
aluminiimi based ion exchanger was made by Harms and Rumpler (63) in 1903 to purify 
beet syrup. Gan(64) did the major work on ion exchangers in the field of industrial 
production and techniqual applications. He termed the amorphous cation exchangers based 
on aluminosilicates, "PERMUTITES".These amorphous aluminosilicate gels were actually 
the first commercially available ion- exchangers. 
The first attempt to synthesise synthetic ion- exchangers resembling natural 
Zeolites, was made more than 50 years ago. The first cation exchanger that become 
commercially available was prepared by mixing soda, potash, feldspar and kaolin. During 
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the last 20-30 years, inorganic ion- exchangers have firmly occupied their position. The 
term " Inorganic Ion - Exchangers" has been used in the title of a Monograph by 
Amphlett(65) which describes the rapid development and application of these materials. 
These ion exchangers are resistant to heat and radiations and thus, can be used for high 
temperature. Separation of ionic components fi"om radioactive-wastes, as solid electrolytes 
and catalysts. 
Kraus et al(66-67 ) and AmphIett(68-69 ) have done excellent work in this 
field. The work upto 1970 has been condensed by Pekareck and Vasely(70) 
.ClearfieId(71-73 ) Alberty (74-75 ) and Waltoii(76-77) have also worked on different 
aspects of synthetic inorganic ion exchangers. Qureshi and co-workers have prepared a 
large number of such materials and study their ion exhange behaviour(78-84) 
A wide range of components of acidic salts of multivalents metals has been 
described as ion-exchanger. Ion-selective electrodes have been prepared fi-om inorganic ion 
exchangers, which have now become important tools for solving various analytical 
problems.(85-87). 
The diffferent types of ion-exchange materials are: 
1) Clay minerals 
2) Zeolites 
3) Heteropoly acid salts and 
4) Hydrous oxide and insoluble salts 
Inorganic ion exchangers find applications in the analysis of alloys(88-89 ) 
and silicate rocks(90-91 ), separation of metals fi-om drugs.( 92-93) and in the detection of 
iron and molybdenum(94-95). However, their low chemical and mechanical stability led 
chemist to seek alternatives and the observation of Adam and Holms(96) that the crushed 
phonograph records exhibit ion-exchange properties, eventiially resulted in the 
development of synthetic ion exchange resins. These exchangers have better properties and 
29 
were stable in acids. They were also easy to handle. The structures of these exchangers 
could be varied as desired. During the period between 1935 and 1940, inorganic ion-
exchange sorbent were replaced in almost all fields by the new organic high molecular 
weight ion-exchangers. The major disadvantage of ion-exchange resins is that they were 
greatly degraded and lost their ion-exchange properties at high temperature, and in 
presence of high ionizing radiation and in highly acid and oxidising media. Finally, the 
advent of nuclear technology in the post world war II era initiated a search for highly 
selective ion exchangers that would be more stable to high temperature, radiation fields, 
chemicals and of more convenient properties than commercial organic and natural 
inorganic( soils, clay minerals,etc) ion exchangers to treat nuclear wastes. These 
improvements were done by the former Farben Industry in Germany and chiefly by 
companies in America and England. Nearly all current industriial and laboratory work is 
easy due to these resins. The synthesis of these organic resins made it possible to vary the 
properties of an ion exchanger in a systematic manner. 
Therefore the difficulties observed with zeolites were removed by 
introduction of resins since then organic ion exchangers have been used both in laboratory 
and industries for separation, recoveries of metals, deionization of water, concentration of 
electrolytes and elucidating the mechanism of a great many reactions( 97). 
The main principle of the ion-exchange method may be said to be the exchange, 
with the help of an ion-exchanger, of all exchangeable ions of the same charge. A division 
thus taken place into two fractions containing: 
a) Non-electrolytes, non-exchangeable ions and ions of the type originally existing in 
the ion exchanger. 
b) Retained ions and ions existing in the regenerant. Separation may be carried out 
with the help of either of these three type of exchangers. 1) cations 2) anions 3) 
amphoteric exchanger. 
1) Cation exchangers: Those which carry exchangeable cations. Cation exchanger 
can be regarded as polyvalent anions with attached ]:)ositively charged counter 
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ions. A cation exchanger in hydrogen form consist of a high molecular weight 
insoluble acid. 
A typical cation exchange is represented as : 
2 NaX + CaCh (aq) v CaXi + 2NaCI (aq) (1) 
The choice of cation exchanger is dependent upon the field of application. Most 
important are resins of the sulphonic acid type which may be used for cation exchange 
in acid, neutral or alkaline solution. Simple and complex inorganic as well as organic 
cations may be taken up quantitatively. The strong acid cation exchangers have 
sulphonic acid groups-SOsH which are strong acids. The weak acid cation exchangers 
have carboxylic acid groups-C02, which are only partially ionized. The protons on 
these groups can exchange with other cations : 
nRzSO-jlf + M"* V (RzS03)nM + nH^ (a) 
and nRzC0"2ir + M"^v — (RzC02)nM + nlT (b) 
A cation exchanger may under certain conditions last a year or even 
longer without becoming damaged. In some cases, on the other hand, where attacking 
solution are used, the exchanger may have to be discarded after a short period of 
service. Most strongly cross-linked sulphonic acid resins .are dark in colour( red or 
black) which in certain cases is a disadvantage visually the cause of adsorption and 
desorption. However, cross-linked polystyrene sulphonic acids are now available in 
light yellow or amber colour so that some degree of visual chromatography is now-
possible. The attack on the ion-exchanger increases considerably at higher temperature 
80-100 °C, and in the regions only certain types of exchangers can be utilized. 
The resins of the sulphonated hydrocarbon type eg: sulphonated styrene-
divinlybenzene resins, have recently become commercially available. This type of 
exchanger has the same exchange capacity in acid and in alkaline media. These 
products have high capacity, and the chemical stability superior to that of the phenolic 
type especially at high temperature and high pH. A comparison between the chemical 
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stability of a phenolic resin and a resin of the sulphonated hydrocarbon type has been 
published by Bauman Skidmare, and Osman (98). 
Laboratory tests showed that the elimination of the phenolic group from the 
resin structure enhanced the chemical stability permitted the use of the exchanger even 
in alkaline media and in water solution up to 100°C. The stability in the presence of 
such oxidizing agents as dissolved O2 and CI2 was also higher for the sulphonated 
hydrocarbon resin. Solution of bromate and iodate were reduced on passing through a 
column of a sulphonated coal type of exchanger(99) or of a sulphonated phenolic 
resin(lOO) whereas no reduction was observed when a resin of the sulphonated 
hydrocarbon type was used(lOl). 
2) Anion exchangers: Those which carry exchangeable anions. 
An anion exchange reaction is as: 
2XC1 + Na2S04 -^  >^S04+ 2NaCI(aq) (2) 
Anion exchanger is a polymer having amine or quaternary ammonium 
groups as integral parts of the resin and an equivalent amount of anions such as CI, 
S04^", OH' ions etc. These anions are mobile and exchangeable. 
nRzNR3^0H~+A"" v ( RZNRJX + nOH" 
nRzNRs^OH" +A"" v (RzNH3)nA + nOH~ 
Where R represents organic group usually methyl. 
Anion exchangers may be regarded either as polyvalent cations with negatively 
charged coimter ions or as high molecular weight insoluble bases or salts of such bases 
respectively. The active groups of anion exchangers are amino groups eg- NH2, -NHR, -
NR2 or quaternary ammonium groups, -NR3*. Anion exchanger of strongly basic type are 
obtained by the introduction of quaternary ammonium groups into the resin, whereas 
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primary, secondarj' and tertiary amino groups give resins of weak or medium basic 
strength. 
Strongly basic resin(102) will operate over a much wider pH range than weakly 
basic resins. In acid medium it is possible to use either the weakly or the strongly basic 
type. Inportant examples are removal of inorganic and organic acids from different solution 
containing non-electrolytes. Extremely weak acids, such as carbonic acid, boric acid and 
silicic acid, cannot be retained by resins of weakly basic type, whereas a complete uptake 
may be achieved by means of the free-base form of a sfrongly basic resin. Phenols(103) 
aldehydes containing phenolic groups(104) and even sugars may be taken up by the 
sfrongly basic type of resin with neufral solution, it is preferable to use resins of strongly 
basic type but resins of medium basic sfrength have also been used. An e.g. is the 
conversion of alkali sulphate solution into chloride. In alkaline medium only the strongly 
basic type of resin is applicable. 
For the separation of low molecular weight anion from high molecular weight 
anions, the commercial highly cross-linked type of resin is suitable. The availability of 
resins with varying degrees of cross-linked will increase the possibilities of separating 
anions of different ionic sizes. The stability of anion exchanger at room temperature seems 
to be satisfactory for most analytical purposes. 
The sfrongly basic resins used (Amberlite IR A-400, Dowex 1 and Dowex 2) are 
all yellow. The colour changes when different ions are displaced by others which may give 
some guidance to the operator.. Among the weakly basic resins Wofatit M is almost 
black,Amberlite IR-4B red-brown, and Ambertite IR-45 light yellow. A darkening is 
observed when the resins are transformed from the chlorine form into the free base 
form.The resins are used either in free-base form or in the salt form eg: chloride, 
bicarbonate, or formate form. The technique of anion exchange operation is largely the 
same as that for the cation exchangers. 
3) Amphoteric Ion-exchangers: Those, which are capable of both, cation and anion 
exchange termed as "Amphoteric ion-exchanger"(105). 
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Ion exchange chromatography came into existence in late 1960s with the introduction of 
routine Amino acid analysis. Ion exchange chromatography is a method of great 
significance when it concerns the separation of ions of similar properties,i.e system which 
aie troublesome or impossible to analyze by other methods. The separation is based on the 
difference in exchange potentials of different cations in a cation exchanger or different 
anions in an anion exchanger. The principle is the same as in the chromatographic analysis 
with other adsorbents. Ion exchange chromatography has shown itself to be an excellent 
method for solving troublesome separation problems both in inorganic chemistry and with 
certain organic substances. In 1987 Taylor and Urey shown that a partial separation of the 
lithium isotopes was effected by percolating a solution of lithium salt through a long 
column filled with synthetic zeolites. The heavier isotope is preferentially held by the 
exchanger (106). In inorganic chemistry ion exchange chromatography has been used 
mainly for the separation of various substances of biological interest, eg: Amino acids and 
nucleotides. It is certain that the application of this method for the separation of organic 
substances will increase when ion exchange chromatography bias become more generally 
known and further improved. 
Compared with the ion-exchange method, ion-exchange chromatography is rather 
complicated. The study of chromatographic separations wilJi physical methods, eg: 
radioactive tracers, conductometric measurements, or optical methods, simplifies the work 
to a great extent. 
Ion-exchange resins are the polyelectrol>tes of high molecular weights. The three 
dimensional cross-linked structure of the exchanger is known as " the matrix" and the 
ionisable groups attached to it are referred as " functional groups". The exchangeable 
groups are known as " counter ions". Ion-exchangers can be monofunctional or 
polyfimctional depending on the number of functional groups attached. The acidity and 
basicity of an exchanger depends on the nature of its functional group. 
Synthetic organic ion - exchangers can be prepared either by condensation of 
phenol (Resorcinol, hydroquinone, para and metaphenol sulphonic acid etc.) with 
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formaldehyde or other aldehyde in the presence of acid or base as catalyst or by 
polymerisation of styrene and divinyl benzene. 
It is important to note that these resins should be made under identical conditions. 
Degree of condensation for every resin should be same.A common disadvantage of 
condensation type of ion - exchange resin is that they also contain phenolic or hydroxyl 
groups besides the strongly acidic, weakly acidic or weakly basic groups. 
The polymerization type products are superior to condensation type ion exchange 
resin. The polymerization type products are more uniform and their production is much 
more controUable.The first polymerization type of ion - exchanger was produced by 
D'.Alelio ( 107 ) in 1945 .A typical resin is prepared by the following copolymerization 
reaction between styrene and divinyl benzene. 
CH=CH2 CH=CH2 
Styrene 
- CH—CH2—CH—CH2— CH— CH2 
CH=CH2 
Divinyl Benzene 
CH — CH2—CH—CH2—CH—CH2-
Copolymerisation of Styrene and divinyl 
benzene(Cross linked polystyrene) 
FIG 1: Copolymerization of styrene and divinyl benzene. 
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The quantity of divinyl benzene used is varied over a wide range to control the degree of 
crosslinking.The number of cross linkages is governed by divinyl benzene to styrene ratio. 
Ion-exchange is a reversible process in which cations or anions are exchanged 
stoichiometrically, which between the solid phase(resin) and the liquid phase (electrolytic 
solution) when an exchanger with counter ion 'A' is placed in a solution vvdth a counter ion 
'B ' the ion exchange process can be written as: 
A^ + B^ ^  ^ B^ + A^ (1) 
Where Bar refers to the exchanger phase. 
When an ion-exchanger is brought into contact v^th an electrolyte solution by 
shaking a given quantity of exchanger with the solution, exchange of ions will take place 
until equilibrium is attamed. At equilibrium the solution contains generally the same ionic 
species as it originally did, although the concentrations of these species have changed, 
together with additional ions previously attached to the exchanger. The same ionic species 
as in the solution are found in the ion exchanger but the concentration differ from those in 
the solution. 
Since the above reaction reaches equilibrium, the equilibriimi expression in terms 
of concentrations can be written as:-
Because or their great practical importance, ion-exchange equilibrium have 
been the object of numerous investigations with both inorganic and organic ion-
exchangers. 
Ion-exchange is principally applied to solutions of relatively low ion 
concentrations. This rule is applicable not only in analytical chemistry but also for 
preparative and technical purposes. The chief reason is that the exchange capacity per unit 
volume is limited. 
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Ion-exchange capacity is one of the most fundamental characterization of any 
ion exchange material. For a strong ion-exchanger, the capacity can readily be determined 
by direct titration. Various types of capacities can be expressed in different manners. 
Majority of synthetic inorganic ion exchanger behaves as a weak ion exchanger and 
therefore the dkect titration is not reliable. In this case ion exchange capacity is determined 
by replacement of H^ ion from the exchanger phase by the counter ions of a neutral 
solution and equilibrium ion exchange capacity is determined by pH titrations. 
For most analytical purposes, the concentration of the solution has been 0.05-0.1 
N with extremely low concentrations difficulties may occur in certain cases. 
Samuelson(108) found that when dilute solutions of ferric salts ( nitrate and perchlorate) 
were percolated through a layer of sulphonic acid resin in the hydrogen form only part of 
the iron content was retained by the resin. In fresh solutions quantitative uptake was 
observed at a lower concentration than in aged solutions. The explanation is that in dilute 
solution the ferric ions are hydrolyzed irreversibly (formation of colloidal basic sahs). If a 
solution of higher concentration is at hand, it is usually advisable to dilute it with water. 
The uptake of metal ions in preference to others by an ion-exchanger is called 
selectivity. For the reversible process and ions of like charge :-
Ar + B, -^  ^ Br + As 
Where 'r' refers to resin phase and 's' for the solution phase. The selectivity coefficient 'K' 
is defined by 
[AUBl 
Where terms in brackets represent the concentrations of ions A and B in either the resin or 
solution phase. The values of selectivity coefficient are obtained experimentally. 
Thus if KA^ > 1 the resin shows a preference for ion B. where as if KA^ < 1. 
its preference is for ion A. This applies to both cation and anion exchanges. 
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The seieciivity depends upon the charge on ihe metai ions, ihe ionic radii of 
metal ions, the formation of insoluble substances with the exchanger and on complex 
formation. The selectivity reveals possibility for the separation of different metal ions from 
one another. 
Ion exchange affinity of different ions is of utmost importance from an 
analytical point of view. As shown by Saniuelson(109) and later confirmed by several 
other authors(110-112), the relative affinity is dependent on the total ion concentration in 
the resin phase (the degree of cross-linking), the differences in affinity increases with 
increased concentration in the resin phase. On the other hand, the sequence of affinity 
seems to be largely independent of this factor. The differences in the exchange potentials 
can , in the main, be attributed to differences in the activity coefficient in the resin phase. It 
shodd be noted that the replacing ability is related to the radii of the ions. Ions with larger 
radii( non-hydrated) are held more strongly by the ion exchanger than are ions with smaller 
radii. This relationship was demonstrated for inorganic ion exchanger by Wiegner(l 13).It 
supports the view that differences in affinity can be associated with activity coefficient in 
the resin phase. Since a relationship between ionic radii and activity coefficient also holds 
in common electrolyte solutions. Several investigations have found that the relative affinity 
is largely independent of the temperature(l 14-116). 
The following sequence of affinity have been observed for mono, di, and 
trivalent cations with ion exchangers of the common highly cross-linked type. 
(CH3)4N<Li<H<Na<NH4<K<Rb<Cs<Tl<Ag(109),(l 16),(117). 
Mg<Ca<Sr<Ba (118) 
Al <Sc <Y <Eu <Sm <Nd <Pr <Ce <La (114) 
Lu <Yb <Tm <Er <Ho <Y <Dy <Tb <Gd <Eu <Sm <Pm <Nd <Pr <Ce <La (119 ) 
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Ion - exchange kinetics: 
The ion exchange process may be quite rapid, and equilibrium may under 
certain conditions be reached almost instantaneously. On the other hand, ion exchangers 
having the ion-active groups accessible only through very small pores exhibit a low speed 
of exchange . For eg, for a strongly swollen polystyrene sulphonic acid equilibrium was 
attained within 1 minute, whereas for a sulphonated phenolic resin the corresponding value 
was 90 minute(120). For tightly cross-linked resins the rate of reaction is slower than for 
resins with a low degree of cross-linking(121) 
Ion-exchange is a diffusion process. Its mechanism is a redistribution of 
the counter ions by diffusion. The rate determining step in ion-exchange is either :-
1) Interdiffusion of coimter ions within the exchanger itself i.e particle 
diffusion. 
2) Interdiffusion of counter ions in the adherent liquid film i.e film diffusion 
which is not affected by agitation of the solution (film) diffusion . 
Rate determining step will be either' 1' or '2' depending which step is the slowest one. 
Theoretical studies of ion-exchange kinetics have been published by several 
authors(122).Theoretically, rate controlling Process can be predicted by : 
XDS 
CDr, 
(54-2al)=0 
Where X is concentration of fixed ionogenic group. 
C is concentration of solutionf eq. weight per litre) 
D" is interdiffusion coefficient of coimter ion in the exchanger. 
D is interdiffusion coefficient of counter ion in the liquid film. 
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6 is film thickness C in cm ) 
To is bead radius (in cm) 
C C 
a^ is separation factor = 
When <^<<l. Ion exchange is controlled by particle diflEusion. 
When O > > l,Ion exchange is controlled by Film diffusion. 
But in certain case, Q^ 1.0, then ion exchange is controlled by both i.e particle and fihn 
diffusion. 
Other facts which are of importance from an analytical point of view are that 
the rates of exchange increase considerably with decreasing particle size (122-124) and 
increasing temperature (122,125). If dried resins are used, the reaction is slower than for 
resins which have been kept m water for some time(120). The rate of uptake decreases with 
increasing charge and volume of the ions (121,122,125 ). 
Ion - exchange membrane:The first ion exchange membrane was produced by Juda and 
Mc Rae (126). It includes any ion exchange material, irrespective of its geometrical form, 
which can be used as a separation wall between two solutions. Many common ion-
exchanger membranes are planar disks about 1mm in thickness. However, cylindrical 
plugs(127-128 ) or single beads glazed into fi-ames(129) are also called membranes. In 
some experiments, ribbons of ion-exchange material in contact with the solutions only at 
their ends have been used(130-13I). Ion-exchange membranes combine the ability to act as 
a separation wall between two solutions with the chemical and electrochemical properties 
of ion exchangers. The structures of an ion exchange membrane consist of polymer matrix 
with fixed anions and mobile cations, which are referred to as counter ions. In contrast, the 
mobile anions, called co-ions, are more or less completely excluded fi-om the polymer 
matrix because of their electrical charge which is identical to that of the fixed ions. Due to 
the exclusion of the co-ions, an ideal cation-exchange membrane permits transfer of cations 
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only. Ideal anions exchange membrane carry positive charges fixed on the polymer matrix. 
Therefore, they exclude all cations and are permeable to anions only. 
The most desired properties for ion-exchange membrane are :-
a) High permselectivity. 
b) Low electrical resistance. 
c) Good mechanical strength and form stability. 
d) High chemical stability. 
The type and the concentration of the fixed ionic charges determine the 
permselectivity and the electrical resistance of the membrane, but they also have a 
significant effect on the mechanical properties of the membrane. The degree of 
swelling,especially, is effected by the concentration of the fixed charges. 
The following moieties are used as fixed charges in cation and anion-
exchange membrane. 
For cation - exchange membrane For anion - exchange membrane 
-SO3" -COO"-P03 '^,-PH02',-As03^" -NH2^ R, ->rHR2.->rR3,-P%,-S^R2. 
-SeOs" 
These different ionic groups have significant effects on the selectivity and electrical 
resistance of the ion-exchange membrane. Most commercially available ion-exchange 
membrane have -SO3" or -COO" groups and most anion exchange membrane contains -
RsN"^  groups. 
According to their structure and preparation procedure ion-exchange 
membrane, can be divided into two major categories: 
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a) Homogenous ion-exchange membrane: The fixed charged groups are evenly 
distributed over the entire membrane polymer matrix. Homogenous membrane can 
be produced,eg: by polymerization or polycondensation of functional monomers 
such as phenol sulphonic acid with formaldehyde or by fimctionalizing a polymer 
such as polysulfone dissolved in an appropriate solvent by sulfonation and cast 
into a film. 
b) Heterogenous ion-exchange membrane: Heterogenous ion-exchange membrane 
have distinct macroscopic domains of ion-exchange resins in the matrix of an 
uncharged polymer. They can be produced by melting and pressing of a dry ion-
exchange resin with granulated polymer such as polyvinylchloride, or by 
dispersion of the ion-exchange resin in a polymer solution. 
Separations of different cations from each other are based on 
differences in exchange potentials on cation exchanger, which may be utilized to effect a 
quantitative separation if proper conditions are chosen. Similarly anion exchangers may be 
used for mutual separation of different anions. 
Factors affecting separation: 
The variables which determine the separation of exchangeable ions in 
the elution step may be classified into two groups: 
(A) Factors which determine the equilibrium separation:- It was pointed that from 
dilute statistical ion exchange equilibrium solutions containing ions of different 
valence, the ions of higher valence are preferentially held by the resin and that 
differences in affinity increase on dilution of the solution. Separation of ions of 
different valence are therefore improved by diluting the solution. Furthermore the 
separation of ions, independent of the valence, is better for resins with high total ion 
concentration in the resin phase,i.e for ion exchange with high exchange capacity per 
unit volume. 
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On the other hand Tompkins et al(132-135) have shown that 
separation is most efficient when the amount of the ions to be separated in the resin phase 
is low.Complexing agents are therefore conveniently used as elutriants, since they reduce 
the fractions of the solutes in the exchangeable form(136-137). 
Another reason why complexing agents are preferred as elutriants is 
that these agents may be used to shift the ion exchange equilibrium in such a manner that 
the separation is favoured. The ideal situation would be to have a specific complexing 
agent for each ion, which would form an extremely strong non-exchangeable complex with 
it but would not form any complexes with the other ions. However, also in the separation of 
very similar ions, as the rare earths, complexing agents are helpful because of differences 
in dissociation constants of the complexes.Those ions which show the greatest replacing 
power in a complex free solution have frequently been demonstrated to give the weakest 
complexes. Thus the separation effects of the exchanger and the complexing agent 
supplement each other( 134,138). 
Separation of the fragments formed during fission of the heavy 
elements, citrate buffer were used as elutriants, but other complexing agents also were 
shown to be useftil(134). For complexing agents as citrate, in which the complex 
equilibrium depends upon the pH of the solution, the course of elution is markedly 
influenced by the pH(132-134,138-139) The choice of pH is therefore of utmost 
importance for a successful separation. Variables affecting the equilibrium separation, such 
as different elutriants, pH and concentration(132,134,138,140) should be carefully studied. 
(B) Factors afTecting column efficiency: Generally the separation will be improved 
when the column is operated under such conditions that equilibrium is approached between 
the solutions and the ion-exchange in different parts of the column(l32,140-141). Under 
these conditions the number of exchanges (theoretical plates) per unit length of the column 
is the highest possible. 
The particle size is of prime importance for an effective separation. Some data 
from experiments by ketelle and boyd (138 ) as well as data published by other authors ,it 
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may be concluded that the particle size should not exceed 0.1mm. Too small particles will 
of course effect too high resistance against flow and must therefore be avoided. 
The flow rate has likewise a great influence. An increase flow rate means that the 
ions are carried at a faster rate down the column, so that they have less time to diffuse 
through the resin particles and thus are prevented from reaching ail exchanging 
groups(142-144). 
High temperature increases the diffusion rates and therefore the number of 
exchanges in a given column. Improved separation were observed by Ketelle and Boyd 
(138 ) when working at elevated temperature with certain limits,, the separation is improved 
by increasing the length of the resin bed. However, there is in many cases a critical bed 
length beyond which no improvements in separation can be gained. In ion exchange 
chromatography a higher column is ordinarily required than in simple separation performed 
according to the ion-exchange method, the ratio between length and diameter being as high 
as 100:1 or even 200:1 in certain cases. 
On the basis of distribution coefficient (Kd), metal ions can be selected for 
separation. The metal of higher distribution coefficient can be separated from the metal of 
lower distribution coefficient. The distribution coefficient is expressed by the equation: 
Amount of ion( A) present in the exchanger phase 
Kd = 
Amount of ion (A) present in the solution phase 
Distribution coefficient (Kd) may be determined to calculate the separation factor which 
may be regarded as a measure of possible separation. 
The general use of distribution coefficient is made in elution techniques used 
in separation. The rate at which ions move in ion-exchange chromatography is proportional 
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to their distribution coefficient. It is also possible to separate a trace quantity of a metal 
from a macro. 
Besides other factors a solvent plays an important role in the adsorption of 
metal ions on ion exchangers. The ion-exchange behaviour of almost all metal ions in 
aqueous mineral acids of different concentrations has been studied extensively. Solvents 
other than mineral acids have also been used as eluents. Formic acids,citric acids, oxalic 
acids, tartaric acids, perchloric acid and HCl are the common eluents used for column 
chromatography. Elution of metal ions increases as these solvent form complexes with 
them. Oxalic acids has been studied as a complexing agent in the separation of As, 
Mn,Co,Zn and Cu from one another(145). According to the investigations of Samuebon 
(146) and coworkers, these complex forming organic acids are sometimes adsorbed on a 
strongly basic anion exchanger and such an exchanger can be treated as a cation exchanger 
and they can be successfully used for selective separation. 
According to Lindsay and D amino(147), the resin are insoluble in all 
common solvents including aliphatic and aromatic hydrocarbon.It is evident further that ion 
exchanger can also be used as efficient catalyst.They can bring about hydrolysis under 
relatively mild condition without the infroduction of any new ions.They can be thus 
successfully used for the detection of ester and also in all those reactions in which 
hydrolysis is performed prior to detection.Ion exchange resins beads also serves as 
excellent reaction media for metal ions as demonstrated by Fujimoto (148). He called this 
phenomenon as resin spot test.Ion exchangers also serve as reaction media for detection. 
The properties of ion exchangers facilitates the correct ion exchanger for a 
particular problem. The more important properties are: 
Colour , particle size, selectivity, density, amount of cross linking, Swelling porosity, 
surface area, mechanical strength, capacity, chemical and thermal resistance . 
In addition to the materials mentioned so far, a number of other types of organic 
exchangers have been developed.eg, the electron exchanger and redox ion exchangers. 
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The Electron exchanger are resins with cross linked hydrocarbons therefore 
electron exchangers are solid oxidizing and reducing agents.Like ion exchanger resins,they 
are also insoluble but they can take up solvent and swell to a limited extent.They are also 
reversible in nature i.e electron exchangers can oxidize the substrate and itself 
reduced.Electron exchangers can also reduce a substance and itself oxidized therefore they 
can be regenerated by treating with suitable oxidant or reductant.The reactivity of ion 
exchanger is due to the presence of functional group built in component in the resin such 
as quinone/hydroquinone. 
Redox ion exchangers are conventional ion exchange resins in which redox 
couples such as Cu^*/Cu,Fe^^/Fe ^ Sn''"^ /Sn ^,methylene blue/leuko methylene blue can be 
introduced in resin.By introducing species say Cu^ ,^ which oxidizes the species and itself 
get reduced to Cu. 
Like ion exchange resin, electron exchanger can be prepared by addition 
polymerisation and condensation polymerisation.In certain case reactive group is 
introduced after polymerisation and in other process^reactive group is introduced in the 
polymerisation process as one of the reactive group contain fimctional group. 
Redox ion exchange can be prepared from conventional ion-exchange 
resin,where counter ions are replaced by ions such as Cu '^^ ,Fe '^^ ,S03" (When using a cation 
exchanger). 
For organic oxidation-reduction substance can also be introduced into the matrix by 
sorption only then material act as redox exchanger like methylene blue can be incorporated 
in the matrix by sorption. 
Most of the analytical separation performed by the ion exchange method may be 
carried out also by other operation,e.g. precipitation,extraction,distillation,or dialysis.The 
advantage of the ion exchange method are that the work is simpler and less time 
consuming,and in many separations,higher accuracy is obtained.In many cases,results are 
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Table 1: Different types of solvent systems used in the determination of distribution 
co-efncient(Kd) of metal ions. 
S.No. 
SI. 
S2. 
S3. 
S4. 
S5. 
S6. 
S7. 
S8. 
Solvent systems chosen on the basis of 
Polarity Factor 
Methanol 
Dimethyl sulfoxide 
Formamide 
N,N-dimethyI formamide 
Acetone 
Acetic acid 
Formic acid 
Water 
Dissociation constant 
Boric acid 
Succinic acid 
Phenol 
o-phosphoric acid 
Tartaric acid 
Trichloroacetic acid 
Nitric acid 
Water 
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obtained more rapidly which is of great significance,e.g.in routine analysis of factory 
products.In most analysis it is not the ion exchange procedure which limits accuracy but 
other phases of the work. Another advantage of the ion exchange method is that it demands 
less skill and judgement from the analyst than many other methods.When carrying out 
separations by precipitation the risk of coprecipitation always exists and through small 
variations in procediire considerably errors may develop.Tlie ion exchange method is 
exceptionally insensitive to varying conditions since it is normally possible to work with a 
broad safety margin.Unskilled labour may consequently be used to advantage.SimiIarly,in 
practice it is a great advantage to be able to leave the sample,in most cases without risk of 
interference,and continue the analysis later at a more convenient time. 
The use of solid ion exchangers has a number of advantages,when compared with dissolved 
electrolyte. 
l)The catalyst can be readily removed from reaction products by filtration or by 
decantation. 
2)The purity of the product is better since side reactions are minimized. 
3)The ion exchange is more selective i.e,it distinguishes more sharply between the various 
reactant molecules and it may be considered to be half way in the selectivity between 
dissolved elecfrolyte and enzymes. 
4)No new ions are introduced in the reaction except the ions which are produced as a result 
of hydrolysis. 
Detection is probably more important than separation or 
determination,therefore it usually preceedes them.There are a number of procedures used 
for the detection of organic substances,some of the more important of these are: 
1 )Instrumental technique( 149-155) 
2)Non instrumental: 
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a) Chromatographic method (156) 
b) Ion exchange method (157-158) 
c) Spot testing (159). 
l)InstnimeDtaI technique, the most sophisticated which provide the maximum 
information about the substance under study are U.V,I.R,NMR spectroscopy,X-ray 
anaiysis,thermal analysis etc. Photoacaustic spectroscopy (160) is also important method 
for the solution of analytical problems.These technique provide a great help in establishing 
the structure and thermal stability of the ion exchanger.The main drawbacks of the 
instrumental techniques are the high cost of the instruments and the expertise needed to 
handle them.Moreover the mstruments cannot be used where field detection is required. 
2)Non instrumental method have definite advantages of being fast,simple and 
inexpensive.The chromatographic methods are being used more and more to solve the 
problems of direction.The property of interest in such cases is the Rf value of a substance. 
Under specified conditions even though the Rf provides a simple method for the detection 
of a substance. Yet,chromatography is usually employed to separate and then to identify the 
components of a mixture. 
Ion-exchange method is the simplest approach for the detection of organic 
fiinctional groups.These methods are fast,simple,inexpensive,selective and higher accuracy 
is obtained and less skill is required. 
Description of detection methods won't be complete without referring to spot 
tests. Their importance in quantitative analysis is due to the untiring efforts of fiegl who 
has pioneered the technique and published a number of books.(161-162) which deals with 
various aspects of the subject. 
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Spot test is based on the intense colouration produced on the surface of Hght 
colored ion exchange resin by taking the ions having characteristic cation from the reaction 
medium.These tests have following advantages. 
1) Spot tests require a very small quantity for analysis and need inexpensive 
equipments. 
2) They are more sensitive because the coloured ionic species is concentrated on the 
resin surface. 
3) The colouration is often more stable in the resin phase than in aqueous phase and 
sometimes becomes progressively more intense on standing. 
4) It require very little staining on the part of the investigation. 
5) The test are more selective by using masking agent or by a proper selection of the 
conditions for analysis.Thus ions having a charge opposite to that ionic species 
adsorbed by the resin usually do not interfere. 
Fujimoto et al (163), when ion exchange resin beads are used as media for 
spot tests, the test becomes very elegant. The resin beads can also help in the 
elucidation of reaction mechanism. 
Resin spot technique has been widely used for the detection of inorganic ions by 
using color reaction already known (164-166 ).However resin beads can also be used to 
develop new color reaction as described by Qureshi (167) for diphenylamine, picric 
acid (168-170 ) and for ethylenediamine tetra acetic acid in human urine (171-172) 
.Fujimoto (173 ) described a very sensitive test for the detection of fluoride using ion -
exchange beads. Botton (174)has described an ion - exchange method for the detection 
of N , S, P and halogens. 
Certain tests have been used for the detection of phenols, aliphatic amines, 
primary aromatic amines, aldehydes and substituted hydrazine (175-176 ) are resin spot 
modification of already known color reaction. 
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Due to global warming and a hole in the ozone layer,a wave of concern for the 
environment swept across the developed country in the 60's and reached it's climax in 
1970.As environmental pollution increasing day by day due to the industrial 
activities.The pollution which are present in nature such as Pb,HgjCO and SO2 etc.and 
contaminants which does not occur in nature but induced by human activity into the 
environment and affecting its composition.Many of these chemicals are toxic to human 
beings and may produce chronic effects on the lungjieart,kidney and brain.According 
to "Intemationl Register Of Potentially Toxic Chemicals" of the United Nation 
Environment Programme,there are 4 million known chemicals in the world today and 
another 30 thousand new compounds are added to the list every year.An occupational 
exposure to these chemicals can cause cancer.These substances affect DNA,preventing 
it from given the necessary directions for the synthesis of substances which control all 
growth. 
Various toxic chemicals used in industry affect the living organism.These toxic 
substances either enter in human body directly or indirectly.Table listed showing toxic 
elements which cause chronic effects to human beings (177). 
Ion exchange has resolved the most difficult problem in chemical analysis 
i.e,separation of typical components having a similar enough property.This method 
occupied the firm position in controlling the pollution,various toxic elements can be 
removed using the process of ion exchange. 
The removal of Hg,Pb using the ion exchanger discuss by Koertus (178) 
Powlowski(179) et al have used the ion exchange method for purification of waste 
water from the manufacture of nitrogen compound. Ambrus(180) describe the control 
of pollution for low level pollutants in water such as Pb,Cu,Ni,Cd,Zn using ion 
exchange method.Ion exchange method currently employed to the determination of 
Cd,Zn,Cu,Tl,Be,Co,Mn,Mo,V,U and Th in natural water,including drinking water,river 
water,sea water,has been successfully achieved.The technique is based on ion exchange 
enrichment of the metals as their anionic complexes(181). 
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TABLE 5: Toxic trace elements in drinking and waste waters. 
S.N( Elements Sources Effects 
1. 
2. 
3. 
9. 
AT 
Cd 
Cr 
Cu 
Fl 
Pb 
Hg 
Zn 
Mn 
Mining by products 
,pesticides,chemical wastes. 
Industrial dishcharge,mininj 
wastes,metal plating,water pipes 
Metal cleaning and plating 
,tanning, found as Cr( VI) in 
water. 
Metal plating,industrial 
and domestic 
wastes,mimng,niineral leaching. 
Natural geological sources 
,industrial waste waters 
additives. 
Industrialwastes 
,minning,plumbing,coal,gasolin 
e. 
Mining,industrial 
wastes,pesticides. 
Industrial wastes,metal 
plating,plumbing. 
Mining industrial wastes,Acid 
mine drainage. 
Toxic, can be carcinogenic. 
Cause high blood pressure,kidne; 
failure,destruction of testicular tissue ani 
red blood cells. 
Ulceration and perforation of nasa 
systems,It is also carcinogenic 
Toxic to plants and algae High cone. Ii 
drinking water can cause death. 
Prevents tooth decay at lmg/1 and cai 
cause mottled teeth and damage bones a 
the level of 5mg/l. 
Toxic,can cause anemia,kidne 
diseases,nervous disorder,wild lif 
destruction. 
Highly toxic Methyl mercury compound 
are more toxic than other elements. 
Toxic to plants at higher levels. 
Toxic to plants at higher levels. 
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Ion exchaBge chromatography has played an important role in the isolation and 
identification for the concentration of the most important metals and of the new 
transuranium element(182-187) and has even been used for the enrichment of the 
isotopes(188), amino acids(189),alcohols(190),carbonyl compound(191).Ion exchange 
have been used with success in food industry. 
In recent years ion exchange method have applied in various fields such as 
ion exchange treatment of sea water(192 ).In water demineralization( 193-194 J traces 
metal in drinking water(195)in environmental analysis(196 ).Desalination of 
water(197),removaI of heavy metals fi-om river water(198),determination of Ca^ ^ and 
Mg"^ (^199).Cl and N2 determination in water(200),for the production of water used in 
pharmaceutical purposes(201),treatment of waste water containing Hg^ (^202)for 
separation of heavy metals on chelating resin(203 ) in separation and reconcentration of 
Cr(VI) from Cr(III)(204) for the chromatography of biopolymer(205 ). Separation of 
amino acids (206) and phenol compound(207).In clinical pharmaceutical process(208) 
extraction of uranium(209). 
The following pages describe the preparation of an ion exchange resin 
modified with Titan Yellow and its analytical applications for the separation of metal 
ions. 
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INTRODUCTION 
The ion exchange method has,dimng the last decade,become increasingly important 
in various analysis in inorganic and organic chemistry.Now aday's attention has been paid 
for the removal of heavy metals from industrial effluents and waste water.The focus is 
mainly due to increasing environmental problems due to excessive and indiscriminate 
industrialization. 
A large number of methods for the analysis of various technical products and 
substances of biological and medicinal interest have been evolved and foimd practical 
applications.Determination of a particular metal ion in complex mixtures like 
ores,minerals,environmental results,biochemical samples,tissue blood serum etc.,is a very 
difficult problem as other components of the mixture may interfere. Thus it is important to 
develop separation methods,which are sensitive as well as selective. 
Ion exchange resins with large surface area and macroporous structure have been 
successiuUy used for the preparation of chelating sorbents.lTie resin beads having different 
chelating agents sorbed on them show marked selectivity towards a particular metal ion. 
The potentiality of chelating ion exchange resins for the separation and preconcentration of 
metal ions have been established (1-6). These materials which bear chelate forming groups 
and ion exchange groups are usually prepared by incorporation of complexing groups on to 
the ion exchange resm.The selectivity of these modified resins for metal ions depends on 
the nature of the functional groups of the complexing agents.Aromatic complexing agent ( 
7 ) have shown great analytical competence and are particularly useful for metal ions on an 
anion exchange resin ( 8 - 1 3 ).These materials bear chelate forming groups and ion 
exchange groups are usually prepared by incorporation of complexing groups on to the ion 
exchange resin. Another way of preparing a chelating resin is by chemical reaction. 
Griesbach and Lieser ( 14 ) described the synthesis of fifteen sorbents. Dowex 1-X8 
contaming adsorbed sulfonated azo dyes ( 15 ) has been found to separate Cu^^ and 
Ni .Azothiopyrine disulfonic acid ( 16 ) has been incorporated on to an anion exchange 
resin and the product has been used for the uptake of Hg,Cu,Cd from aqueous solution. The 
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recovery of Hg from waste water utilizing a chelating strong and weak base,containing 
imidoacetic acid and thiol groups (17 ) is also reported. 
Nabi et al synthesized a variety of chelate forming resins by incorporating 
complexing agents such as Bromophenol blue (18),Erioclirome black - T (19),Congo red 
(20 ),Alizarin red (21), Crystal violet (22),Neutral red (23), Toluidine blue (24), Napthol 
blue black (25).The successfiil utility of these modified resins have prompted us to start a 
search for differential selectivity towards metal ions. 
The present work was undertaken as an effort to prepare modified ion exchange 
resins by incorporating different types of chelating agents and to explore their potentiality 
for the separations and identification of substances. Here,Titan yellow has been chosen as a 
chelating agent as it is highly capable of forming complexes with metal ions. 
The structure of Titan yellow is as follows: 
-f la 
FIG 1: Structure of Titan Yellow. 
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EXPERIMENTAL 
Preparation of modified ion exchange resins and their analytical applications. 
APPARATUS 
A GENESYS Spectronic - UV-Visible spectrophotometer,ELICO Digital pH meter 335 
(India).And electronic shaker with a temperature controlled body was used. 
REAGENTS 
Amberlite IRA - 400 (CI" form) from Merck (India),Disodium salts of EDTA fi-om S.D 
Fine chemicals (India). Titan yellow or Clayiton yellow (CDH,AR,India). 
1% ethanolic solution of 1-[1-hydroxy -2-napthol azo]-5-nitro-2-napthol-4-sulphonic acid 
sodium salt ( Eriochrome Black T ),l-[2-pyridyl azo ]-2-napthol (PAN) and 1% aqueous 
solution of o- cresolsulfonapthlein 3'- 3'-bis[methyl iminodiacetic acid sodium salt] 
(Xylenol orange ) were used as indicators and 0.0 IM solution of disodium salt of 
ethylenediaminetetraacetic acid (EDTA) was used as titrant.Ammonium chloride ( 
Merck),Sodium acetate (S.D fine),Oxalic acid (S.D fine),Succimc acid ( S.D fine),Boric 
acid (Merck),Borax (Merck),Sodiimi bicarbonate (Merck). 
SOLUTIONS 
O.IM solutions of different types of solvent systems (AR GTade),0.1M solutions of various 
metal ions(AR Grade) were prepared in demineralised water, 1% solution of EBT,PAN and 
Xylenol Orange were prepared in a lA ratio mixture of ethanol and demineralised water 
and Buffer of pH 1-10 were also prepared. 
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STUDY OF ADSORPTION ISOTHERMS 
Effect of Time: 
The dependence of time of adsorption of Titan yellow by the resin was established 
by performing a series of adsorption experiments at 25±2°C .A constant mass (0.3g) of 
Amberlite IRA- 400 resin was stirred with an aqueous solution of Titan yellow ( 30ml) of 
concentration for different times (l,2,3,4,5,6,7hours ).The amount of Titan yellow taken up 
was determined by analyzing the supernatant solution spectrophotometrically at 435 nm by 
means of a UV-Visible spectrophotometer . 
Effect of pH: 
To study the effect of pH on the adsorption of Titan yellow ,the optimum pH for maximum 
adsorption at 25±2''C was selected . For this,resin (0.3g) was stirred for 5 hour with 
solutions (30 mL )of Titan yellow of concentration (100 ppm) but at different pH (1-10). 
The pH value of the solution was adjusted by adding an appropriate acid , base or buffer 
of the desired pH . The equilibrium concentration of the reagent was then determined 
spectrophotometrically at 435nm. 
Effect of Concentration: 
The adsorption of Titan yellow was studied under static conditions at pH 6.0 25±2°C. The 
resin (0.3 g) was equilibrated with solutions of Titan yellow of different concentrations ( 
10,20,30, ISOppm) for Shours in a temperature controlled electronic shaker -
incubator.The equilibrium concentration of Titan yellow in the supernatant solution was 
then determined spectrophotometrically at 435rmi. 
Effect of temperature: 
Effect of tem.perature on the adsorption of Titan yellow can be studied by selecting the 
optimum temperature and for this,resin(0.3g) was shaken witli 30mL of lOOppm solution of 
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Titan yellow for 5hours at constant pH 6.0 but at different temperature(Room 
temperature,30°,40°,50'',60°,70°)in a temperature controlled electronic shaker.The amount 
of Titan yellow taken up was determined spectrophotometrically in the supernatant liquid 
at 435nm. 
PREPARATION OF A MODIFIED RESIN WITH TITAN YELLOW : 
To obtain the modified resin, the Amberlite resin IRA - 400 (Cf ) was treated with 
an aqueous solution of Titan yellow (lOOOppm). The contents were left for 48 hours with 
intermittent shaking to ensure the optimum adsorption of the Titan yellow. The resui was 
then washed several times with demineralized water,imtil the supernatant liquid was found 
free from excess reagent. Finally, the resin was dried in an oven at 60° C for 24 hour. 
SELECTION OF RESIN: 
A few beads of modified ion exchange resin were placed on a spot plate .One drop of 0.1 M 
acetic acid solution were added and thoroughly mixed with the tip of a glass rod and leave 
it for sometmie,then washed several times with DMW in order to check whether the colour 
is detached or not.In a similar manner,the modified resin can be tested with different 
solvents like 0.1 M( alcohol,NaOH,HCl,formic acid).The orange colour was not detached 
even after subsequent washing with water.Thus the resin was selected for further studies. 
DISTRIBUTION CO-EFFICIENT (Kd) OF THE METAI. IONS: 
The distribution co-efficient of the metal ions on Titan yellow were determined by 
a batch method at 25±2°C. 
For this, purpose the modified resin (0.3g) was treated with 1ml of metal ion 
solution and 29ml of appropriate solvent in 100ml Erlenmeyer flask .The mixture was 
shaken continuously by means of a temperature controlled shaker at 25±2°C for 5 
hours.The amount of cation in the solution before and after equilibration was determined 
by using 0.0IM EDTA as titrant. Kd values (ml g"") for each metal ion was calculated by 
the formula shown below. 
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Amount of metal ion m the resm phase/g of resm 
Kd = —— 
Amount of metal ion in the solution phase/ml of the solution 
_ / - F / 0 . 3 g 
F/30w/ 
I-F 
= ^ ^—-xlOO 
Where 1= Volume of EDTA used before treatment.(i.e. amount of metal ion originally 
present in solution). 
F=Volume of EDTA used after treatment with the resin.(i.e. amount of metal ion in 
the solution after treatment with the resin). 
QUANTITATIVE SEPARATION OF METAL IONS: 
Elution technique was used for the quantitative separation of metal ions.2.0mL 
of mixture of metal ions solution was poured into a glass column of i.d 0.8 cm with a glass 
wool support at the base. It was then allowed to pass through the column containing 1.5 g 
modified resin with a flow rate of 4-8 drops per minute till it reaches just above the resin 
surface. The elution of metal ions was done with appropriate eluting reagent in the usual 
manner keeping the flow rate constant at 8-10 drops /minute throughout the elution time. 
The eluted metal ion was then determined tilrimetrically using a 0.01 M 
standard disodium salt of EDTA solution as titrant. 
The elution curves for different sets of separations are shown in figure 9-15. 
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Table 2: Distribution co-efficient of various metal ions in different solvent systems 
(based on polarity factor) on Titan yellow loaded Amberlite IRA-400(Cr ) 
resm. 
Metal 
ions 
Mg^^  
Ca'" 
Ba'" 
Sr^" 
Hg'^ 
Pb'^ 
Mn'" 
Zn^^ 
Cd'" 
Cu'" 
Al^ 
Fe^ 
Ni'" 
Co'" 
Sn^" 
Ag^ 
Zr^" 
Th'" 
Ce^ 
Bi^ 
Distribution Co-efficient for solvent systems based on 
SI 
20.2 
15.2 
25.9 
10.4 
5350 
30.6 
10.6 
24.1 
25.0 
17.3 
12.7 
34.6 
23.8 
25.9 
1100 
100 
286.9 
223.0 
10.7 
775 
S2 
24.2 
52.8 
23.3 
19.8 
4220 
39.5 
20.9 
17.6 
41.0 
19.5 
10.0 
32.1 
4.0 
533.3 
233.3 
-
68.0 
290.9 
83.3 
1033.3 
S3 
21.1 
14.3 
42.7 
14.7 
7100 
12.8 
9.3 
22.8 
41.9 
11.5 
7.8 
75.0 
12.0 
270.3 
550.0 
-
19.0 
238. 
134.38 
1040 
S4 
11.2 
14.4 
27.9 
32.9 
5300 
47.9 
16.4 
17.3 
30.5 
15.0 
24.6 
39.7 
28.2 
278.2 
1200 
43.5 
185.7 
103.2 
483.3 
S5 
25.55 
20.8 
32.0 
26.7 
3500 
43.4 
18.4 
23.4 
28.9 
7.0 
79.6 
15.0 
33.3 
241.6 
300 
83.3 
633.3 
327.2 
233.3 
783.3 
jolarity factor 
S6 
18.5 
11.2 
25.6 
11.6 
5250 
20.7 
14.3 
12.6 
21.1 
16.0 
30.8 
21.8 
32.5 
212.5 
266.7 
233.3 
320.0 
6.1 
1066.7 
S7 
10.1 
13.8 
42.6 
16.6 
5300 
18.4 
16.6 
15.2 
15.6 
16.8 
31.2 
25.0 
28.3 
350.0 
450.0 
100 
344.4 
229.4 
433.3 
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Table 3:DistributioD co-efHcient of various metal ions in different solvent systems 
(based on dissociation constant factor) on Titan yellow loaded Amberlite IRA-
400(C1') resin. 
Metal 
ions 
Distribution co-efficient for solvent systems based on dissociation constant 
SI S2 S3 S4 S5 S6 S7 S8 
Mg .2+ 
Ca 
Ba 
2+ 
2+ 
Sr'" 
Pb 2+ 
Mn 2+ 
Zn 
Cd 
2+ 
2+ 
2+ Cu 
,3+ Al 
Fe 3+ 
Ni 2+ 
2+ Co 
Sn'" 
Ag^ 
Zr^ ^ 
Th'" 
Ce^ 
Bi^ 
17.8 
15.2 
21.4 
15.2 
5500 
14.9 
15.6 
17.4 
31.4 
22.3 
23.8 
17.2 
22.3 
21.1 
250.0 
100 
52.78 
221.4 
124.1 
600.0 
18.8 
9.8 
48.5 
17.6 
5550 
20.8 
10.5 
19.6 
12.4 
10.2 
715.4 
21.7 
94.6 
82.0 
75.0 
650 
780 
1.12 
537.5 
23.9 
11.5 
18.8 
13.8 
2450 
14.3 
7.4 
6.3 
11.6 
14.9 
14.9 
24.4 
14.0 
47.8 
125.0 
17.6 
40.6 
733.3 
28.1 
6.3 
14.3 
85.5 
825.0 
90.2 
77.3 
712.5 
757.1 
75.7 
1.1 
4.1 
250.0 
43.5 
5300 
13.2 
21.3 
16.3 
18.3 
9.3 
20.2 
21.9 
27.5 
466.6 
100 
840.0 
300.0 
20.0 
33.3 
51.5 
17.0 
3466.7 
30.2 
14.4 
22.8 
24.7 
10.2 
453.8 
15.6 
85.7 
290.9 
122.2 
320.0 
166.7 
2.0 
17.2 
51.4 
5.3 
3133.3 
9.4 
88.5 
4.4 
16.5 
5.2 
7.8 
9.0 
00 
88.9 
191.3 
340.0 
00 
586.7 
8.3 
14.4 
21.8 
9.5 
1733.3 
27.6 
13.7 
21.1 
22.2 
3.6 
8.3 
16.7 
18.9 
289.3 
166.7 
2400 
228.1 
180.0 
151.5 
194.4 
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RESULTS AND DISCUSSION 
Both cation and anion exchange resins were tested for adsorption of Titan 
yellow.It was observed that only anion exchange resin IRA-400(Cr) ion adsorb Titan 
yellow irreversibly.After adsorption of Titan yellow,the colour of the resin beads changes 
from golden yellow to bright orange.The effects of concentration, pH, time and 
temperature on the amount of the dye adsorbed by the resin; are shown in figure:3,4,5,6 
,respectively.It was found that maximum adsorption of Titan yellow occurs at the 
concentration of 100 ppm and at pH 6.0 and an equilibration time of 5 hours (shown in 
figure:3-6),was therefore chosen to ensure complete adsorption throughout these 
experiments.lt has also been observed that the sorption of the dye is very quick.The 
isotherm for adsorption of Titan yellow on the resin was ahnost linear and followed the 
Langmiur isotherm.The n-n dispersion forces arising from the aromatic nature of the resin 
and reagent seems to be responsible for the adsorption of Titan yellow on Amberlite IRA-
400. 
The distribution co-efficients of important metal ions were determined in 
various solvent systems (based on polarity and dissociation constant factor ).0n the basis of 
difference in Kd values,number of important and difficult separations have been actually 
achieved on the column of modified resin using elution technique. It is apparent from Kd 
values given in the table: (2 and 3) that Titan yellow has differential selectivity for metal 
ions.This may be due to the formation of metal complexes with different stability 
constant.The different types of solvent used will also affect the ease of complexation. 
As it is evident from figures:? and 7(a), that the variation in polarity of the 
solvent systems does not affect significantly the sorption of Sn"*^ , Co^ ,^ Cd^*,and 
Pb^ .^However, the sorption behaviour of other metal ions studied has no definite trend. 
The variation in metal ion uptake with dissociation constants of different acids 
systems (figure:8 and 8a) suggest that there is no significant change occurs by increasing 
the dissociation constant of the acid in the case of Pb^^ Bi^^ Sn"*^  and Cd^^while for other 
metal ions no regular trend has been observed. 
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Separation of metal ions has been carried out on the basis of difference in Kd 
values.Quantitative binary and ternary separations of metal ions were achieved on the 
column of this material using appropriate elution solutions.A list of binary separations of 
metal ions along with the eluting reagents required are given in the table: 4 and their 
elution profile are shown in figures:9-l5. . 
It was found that Hg show exceptional behaviour as it has the highest Kd 
values in all the solvent systems studied.The highest uptake of Hg^ ^ may be due to the fact 
that it forms relatively more stable complex with Titan yellow as compared to other metal 
ions .So on the basis of this exceptional behaviour of Hg^^ , it has been possible to separate 
Hg^ ^ selectively fix)m a number of metal ions on a column of Titan yellow sorbed 
Amberiite IRA-400 resin. 
To demonstrate the practical utility of the material ,and to check the selectivity 
and reproducibility of the method, separations of different amounts of Hg^ ^ has been 
achieved fi-om a synthetic mixture of metal ions containing- Mg^ '^ 'Ca^ '^Ba^ '^Sr^ '^ Pb^ '^Cd^ '^  
and Zn^ ^ with varied amount of Hg^ ^ (4.01,6.66,8.56,10.00mg). The selective separation of 
Hg^ ^ from these metal ions can be utilized for the removal of Hg^ ^ from industrial wastes 
and domestic water discharges. 
( Ace. •^ '. ' ) f 
"''O] Unirec^i^l^ 
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Table 4: Quantitative separation of metal ions on a column of Titan yellow loaded 
Amberlite IRA-400(Cr) resin. 
Binary 
mixture 
Mn^ " 
Hg^ ^ 
Zn'* 
Hg^ ^ 
Mg^ ^ 
Bi^ 
Cu^ ^ 
Hg^ ^ 
Pb'" 
Sn'" 
Pb'" 
Bi^ 
Cd'" 
Hg^ ^ 
Amount 
loaded( mg 
5.14 
20.06 
16.54 
20.06 
2.43 
20.09 
6.35 
20.06 
20.06 
11.87 
20.72 
20.9 
11.24 
20.06 
Amount 
recovered(mg] 
5.30 
15.05 
15.71 
12.64 
2.40 
17.97 
6.20 
19.66 
20.51 
1.37 
20.51 
19.02 
10.68 
19.56 
Recoveryof Volume Eluentused 
metal ions 
(%) 
96.54 
75.02 
94.98 
63.01 
98.77 
85.98 
97.64 
98.00 
98.99 
11.54 
98.99 
91.00 
95.02 
97.50 
of 
eluent( 
ml) 
90 
120 
110 
120 
80 
80 
60 
100 
80 
60 
90 
120 
110 
120 
O.lMMethanol 
O.IM Nitric acid 
O.lMSuccinicacid 
O.lMNitricacid 
O.IMDMSO 
O.lMNitricacid 
O.lMForaiamide 
O.lMNitricacid 
0.1 MN,N-dimethylformamide 
O.IM Succinic acid 
O.lMAceticacid 
O.lMNitricacid 
O.IMDMSO 
O.lMNitricacid 
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Table 5: Selective separation of Hg from (Mg^^=2.43mg),{Ca^^=4.01mg), 
(Ba^^=13.74mg),( Sr^ ^ =8.76mg),(Pb^* =20.72mg),(Zn^^ =16.54mg), 
(Cd^^=11.24mg). 
S.No 
1 
2 
3 
4 
Metal 
ion 
Hg^^ 
Hg^^ 
Hg'^ 
Hg'^ 
Amount 
loaded 
(mg) 
20.05 
40.11 
60.15 
80.20 
Amount 
found( mg) 
18.02 
36.41 
52.32 
70.24 
Percentage 
Recovery 
89.88 
90.78 
85.56 
87.58 
Eluent used 
(ml) 
O.IM Nitric acid 
O.IM Nitric acid 
O.IM Nitric acid 
O.IM Nitric acid 
Volume of eluent 
used (ml) 
400 
250 
200 
150 
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FIG 3:- Sorption of Titan yellow loaded Amberlite IRA-400(C1"') resin as a fimction of concentration. 
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FIG 9: Binary separation of Zn^* from Hg^ ^ on column of Amberlite IRA-400 
sorbed with Titan yellow. 
Column height 
Column bed 
Column diameter (i.d) 
Mesh Size 
Elution flow rate 
60 cm 
8 cm 
0.8 cm 
20-50 MESH 
18-20 drops/minute 
86 
O.IMDMSO 0.1 M Nitric Acid 
0 30 60 90 120 150 
Volume of effliwnt .ml 
FIG 10: Binary separation of Mg^ ^ from Bi^ on column of AmberliteIRA-400 
sorbed with Titan yeUow. 
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FIG 11: Binary separation of Cd^ * from Hg^ ^ on column of Amberlite IRA-400 
sorbed with Titan yellow. 
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FIG 13 : Binary separation of Cu^* from Hg^ * on column of Amberlite IRA-400 
sorbed with Titan yellow. 
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FIG 14 : Binary separation of Pb from Sn on column of Amberiite IRA-400 
sorbed with Titan yellow. 
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FIG 15 : Binary separation ofPb^ ^ from Bi^ on column of Amberiite IRA-400 
sorbed with Titan yellow 
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